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Introduction 



In the analysis of a silicate it is a well estalD- 
lished practice to correct for imparities liiich contaminate 
the silica ty evaporating with sulfuric and hydrofluoric 
acids, when a weighahle residue always results. It is the 
purpose of this investigation to determine some of the fac- 
tors which influence the amount and composition of this 
residue, to ohserve the effect upon the percentage of silica 
obtained, and to study especially the effect of lime on the 
determination of silica. 

An outline of the method commonly employed in the 
analysis of silicates is as follows: 

1. Ahout .5 gm. of the rock powder is fused with from 
four to six parts of sodium carhonate. 

2. The fused mass is dissolved in a'bout 100 cc. of 
dilute hydrochloric acid. (1 - 4) 

3. The solution is evaporated to dryness on a steam 
hath. 

4. The dry mass is drenched with ahout 10 cc. of con- 
centrated hydrochloric acid fS.G. 1.2) and again 
evaporated to dryness. This process is repeated 
three times and the suhstance finally heated for an 
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hour in an air Ijath at 110 accrue l;. 

5# The dehydrated mase is next drenched with 10-15 
cc. of concentrated hydrochloric acid* After a 
short time water is added and the digestion con- 
tinued for a few minutes on the steam "bath. 
LIuch more water is then added and the undissolved 
silica is filtered, ignited, and weighed* 

6. Finally the weight of the crude silica is correct- 
ed "by adding ahout two drops of sulfuric acid to- 
gether with 5 cc# of hydrofluoric acid and evapor- 
ating to dryness* After ignition the loss in 
weight is that of the silica^ 

There are differences of opinion as to the "best 
method of procedure in each of the ahove mentioned steps'^, 

hut the main point of difference seems to "be over the 

2 

fourth step in the a"bove outline. IIille"brand insists 

upon the necessity of at least two evaporations with hy- 
drochloric acid and with intervening filtration; hut 
finds no adveoitage in drying at temperatures ahove that 
of the steam hath. 

The quantity of the residue (ohtained in numher 6) 
as well as its composition, seems to he a much disputed 



1. !!• S. Geol. Survey, Bull. 422, pp. 83-96. 

2. Jour. Axa. Che'm. 3oc. Vol. 24, 1, 1902, p. 562* 
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3. 
point • Hilletrand states that "the qualitative composi- 
tion of this residue varies with the different rocks less 
than its quantity calcium is rarely if ever present, 

if the decomposition of the rock powder was complete at the 
outset the residue after its resolution is quantita- 
tively precipitated hy ammonia in the presence of an ammon- 
ium salt.'' Flynn"^, working with two samples of silicate 
rock, reported residues varying in weight from .0020 gm. 
to •0062 gm. These residues, according to Plynn, all 
contained calcium oxide in appreoiatle amounts. 

A silicate rock is usually a very complicated 
suhstance with which to deal, the niimher of ingredients 
"being often as high as twenty. A complete analysis, there- 
fore, is difficult to accomplish; and when an attempt is 
made to study the effect of any one factor on the amouzit of 
the residue from the silica determination, many difficul- 
ties are encountered. It was to avoid these difficulties 
that the s^/Tithetic method was used. Accordingly a sodium 
carhonate fusion was made of a mixture containing only 
pure Billca and lime; and therefore no unknown factors 
were introduced. 



l.U.ii. Geol. Purvey. j:i;ll, 42£, p. 8S--96. 
^•Thesis, B. A., 1909, Wisconsin. 
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4. 
Reagents 

Pure silica was prepared "by treating an impiire var- 
iety with hydrofluoric acid and passing the resulting sili- 
con tetrafluoride gas into water. The silicic acid thus 
ohtained was washed with dilute sulfuric acid, then with 
water until free from sulfates, and finally heated in five 
gram quantities over the hlast for ahout two hours in plat- 
inum dishes. This silica gave no residue when evaporated 
with sulfuric and hydrofluoric acids* The sodium carbon- 
ate and precipitated calcium carbonate were free from mag- 
nesium and contained only a trace of iron. The sulfuric 

and hydrofluoric acids here employed gave no residues 
upon evaporating in platinum; and the hydrochloric acid""- 
contained no trace of iron* 



1. The HCl used in iieries I contained a trace of iron. 
A mire acid was used in all the remairing work. 
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5. 
Experimental 

About ^4 gm. of the silica was placed in a 
v/eighed platinum crucitle and heated over the "blast lamp 
until the weight was constant • This "blasting required 
from 20 to 40 minutes. The loss in weight at times 
amounted to from .001 gm. to J003 gm, hut when the state 
of complete dehydration was reached the silica was not 
hygroscopic. A v/ei^hod amount of calcium oxide was 
next added^ then four parts of sodium carhonate to one 
of the mixture of silica and lime and the whole intimate- 
ly mixed. nach analysis was carried out as previously 
outlined for a silicate rock, using two evaporations with 
intervening filtration, as suggested hy Hillehrand except 
that after the first evaporation, heating was continued in 
an air hath at 110 degrees for coi hour. The results are 
given in Table I* 



1. U* 3. Geol. Survey, Bull. 422, p. 91. 

Digitized by VnOOQlC 



Digitized by 



Google 



6. 
Talkie I. 



Ho.- 



gm. 
Si02 



n^ 2 

gm. 
iji02 



per r. 

cent^ 



gm. 
CaC ^ 
used- 



gm, 
resi- 
due^ 



gm. 



resi- 
due^ 



gm. 



CaO in CaS04 
calcu- 



lated? 



1. .3979 .3958 99.47 

2. .3999 .3983 99.59 

3. .3953 .3930 99.42 

4. .4439 .4322 97.36 

5. .3902 .5850 98.15 



.10 


.0014 


.0006 


.0015 


.21 


.0023 


.0005 


.0012 


.20 


.0018 


.0006 


.0015 


.40 


.0014 


.0006 


.0015 


.60 


.0016 


.0006 


.0015 



!• Eumbers 1, 2 and 4 were evaporated in plallniun, and 

niirntere 3 and 5 In porcelain. 
2. Lo£8 in weight when treated v/ith hydrofluoric and 

sulfuric acids* 
Z. Per cei t of silica recovered* 

4. V/eight of lime used in fusions. 

5. Residue after evaporation of hydrofluoric acid. 

6. Precipitated with anunonium oxalate and ignite d# 

?• CaO of residue calculated as Cau>04 for conparison 
v/ith retinue \Jdch was v/eirfied as sulfate. 
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T'le residues were ignited to a oonstant weight over 
the "blast* Each was then dissolved hy digestion with con- 
centrated hydrochloric acid. The solution was then diluted 
to ahout 100 cc, heated to boiling, made slightly alkaline 
with ammonia and the precipitate if any filtered out* 
Ammonium oxalate was then added to the toiling filtrate 
and the precixUfcated calcium oxalate allowed to settle; 
after v/hlch it was collected on a filter ignited and 

weighed as calcium oxide. IProm these results the cal- 

2 

oium sulfate equivalent was calculated for the sake of 

comparison with the original residue v/hich vras weighed 
as the sulfate. 

\7ithout a single exception these results prove the 
presence of calcium in the residue , and ur.der these con- 
ditions it a^^poars that the residue contairxS nothing "but 
calcium sulfate. The percentage of lime in the fusion, 
however, has no effect upon the quant Lty to he found in 
the result ijig residue. L'uiriuer I, for example, in which 
.10 gra. of calciun oxide was used gave a residue of .0014 
gra, while niuaber 4, containing .40 gm. of calcium oxide 
gave the sane amount of residue. The other results point 



1. See note 5, Table 1. 

2. See note 7, Table I. 

3. See note 5, Table 1. 
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8. 
to the same conclusion. However, aimnonium oxalate always 
gave a precipitate which was both visihle and weighable, 
which showed that under the ahove conditions the residue 
was calcium sulfate. 

The next thing attempted was a check on the two methods 
of dealing with the solution of the sodium carbonate fusion. 
Accordingly analyses v/ere made using, in the one case, 
three evaporations with concentrated hydrochloric acid, 
(lettered A in Table II.) and, in the other, two evapora- 
tions with intervening filtration (lettered B in Table II). 
The fusions were made with a constant quantity (.10 gm. ) 
of calcium oxide, about .A gm. of silica and 2.4 gra. of 
sodium carbonate. 2ach analysis v/as continued as prev- 
iously outlined and the drying completed by heating for 
an hour in an air bath at 110 degreec. lox this purpose 
an asbestos lined oven, heated by two Bunsen burners, was 
used, and the temperature regulated by two thermometers. 
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9. 









Table II. 






Ko. 


1 
3i0p 
used 


3102^ 
recover- 
ed 


Per 3 
cent 


Method^ 


Svaporati 
in 


1. 


.3893 


.3845 




98.79 


A 


porcelain 


2. 


.3911 


.3869 




98.93 


B 


II II 


3. 


.3922 


.3858 




98.37 


A 


platinum 


4. 


.3874 


• 3831 




99.00 


B 


It II 


5. 


.3947 


.3922 




99.36 


A 


porcelain 


6. 


.3925 


.3905 




99.49 


B 


It It 



!• iSiOg Tised in fusion, 

2. Loss in wei^iit on evaporation with hydrofluoric 

acid. 
3* Per cent of SiOg recovered. 
4. A-three evaporations. 

B- intervening filtration. 
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10* 

These results (Tatle II) seem to indicate that 
slightly more silica will pass into the filtrate after 
three evaporations with concentrated hydrochloric acid 
than after two evaporations v/ith intervening filtration. 
There is not sufficient data, however, to justify any 
definite conclusion* But on the other hand, when the 
time required to make the analysis is considered, using 
three evaporations with hut a single filtration has a 
decided advantage* It requires at least three hours 
to evaporate the extra water used in washing the second 
filtrate amd this time is saved to the analyst hy using 
the other method* The results shown in Table Y were 
all obtained by the three evaporauion ineMiod; and in 
all cases oxoopt one [Bo. 6, Table II) they show an im- 
provement over the two filtration me kliod in the percent- 
age of silica recovered* 

To account for the fact that silica always passed in- 
to the filtrate, several explanations have been offered^ 
Hillebrand-'" claims that hydrochloric acid itself has a 
marked solvent action on silica* The above results 
appear to confirm this statement, for there is a loss on 
the average of about .004 gm. of t:ilica which TiUct have 
passed into the filtrate* 

1* Jour* An. Chom. Joe. Vol. PA^ 1, p. 362* 
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11 • 

In the course of a rock analysis some of this silica 
may 1e recovered v;ith the precipitated iron and aliimina* 
To test this point and to determine what ar-ioimt of cilica 
could he regained in this way, two analyses were made in 
which a small amount of ferric chloride was added to the 
filtrate after removing the precipitated silica, and the 
iron precipitated with ammonia* The ignited iron oxide 
was fused v/ith potassium p^rosulfate, dissolved in dilute 
sulfuric acid, evaporated until fiimes of sulfur trioxide 
were evolved, dissolved in water, filtered, and the sili- 
ca corrected vv^ith sulfuric and hydrofluoric acids. The 
results are as follows: 

Tahle III. 



Ko. gm. gm. gm. gm, per !• 

SiOg SiOo Si02 SiOg cent 

used recov- with total 

ered iron 



1. .Sege •5859 .0030 ♦3889 99.82 120 deg. 
Z. .5903 .3853 .0037 .SSgO 99.65 120 deg. 

In Tal:le III if will he noticed that after adCirg 
tl:e v>eiglit of cilica recovered Vvith the iron tliere is 
still a lo£=s of from ^0007 gm. to JD013 gm. for .2/j^.Z/o). 
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IZ. 
One cause of this ni^ht be soroht for in the pyrosulfate 
fusion. To test this point portions of silica v/ei^hing 
iron •0097 fern* to •0198 (^. v/ere fused with 6 gm. of 
potassium phrosulfate. The fusion was continued for one 
hour, then cooled, dissolved in dilute sulfuric acicl, 
evLii orated to fumes of sulfur trioxide, dissolved in water, 
and the silica filtered off, Ifjnited, weighed, and correct- 
ed with sulfuric and kydrofluorlc acids* The results 
are given in Table IV* 







Tatle 


IV 


• 




lo. 


aiO£ 
used 


recovered 


i3i02 
lost 




1. 


.0198 


.0189 




.0009 


6 


2. 


.0097 


.0088 




.0009 


6 


3. 


.0197 


.0189 




.0008 


5 


4. 


.0110 


.0101 




.0009 


6 



I'he results show a loss of .0009 gm. of silica v/hich 
was probably dissolved by tlie pyrosulfate; hence it 
appears that even this treatment v/ill not rer.rAr. all of 
the silica v/hich first passed into the filtrate* 
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13^ 
Since, as has "been demonstrated, the hydrochloric 
acid has a solvent action upon silica. It follows that 
the concentration of this acid and also the amoiznt of 
water used in washing the filtered silica v/ould he 
factors in determining the amount that would te dissolved* 
ITow the amount of acid used was kept as near constant as 
possible; hut the quantity of v/ater used in washing the 
silica naturally varied to some extent. In all cases 
this washing v/as carried on until a few drops of the 
filtrate gave no test for chlorides vmen treated with 
silver nitrate* In the first series (Tahle I) no 
more water was used than was necessary to reach this 
point; hut in Series Y, the washing was continued still 

further, using in all ahout 400 cc. of v/ater* The re- 

» 

suits show tiio effect; for the residues ohtained in the 
first series are larger than those ohtained v/hen using 
this excessive ainount of v/ater in washing. luoreover 
Ijie percent of ullica found is laore oonsiv^tent in the 
Icxttei case* 

In order to doternlne the effect produced hy using 
different drying teyi^eratures, a series of analyses 
was made, keeping the other factors as nearly constant 
as poGsihle, hut varying the temperature. First steam 
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14, 
tath temperatiire was used, then 120 degrees, and finally 
200 degrees. Four detenainat Ions of the silica and the 
residue were made at each of these temperatures, using 
the method as previously outlined. A constant quantity 
of lime (ahout .10 gm. ) weighed as calcium carhonate 
was used in all cases, and fusion was made with ahout 
.4 gm. of silica and 2 gm. of sodium carhonate* The 
results are given in Tahle V« 
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15. 







T 


aLle Y^ 






T.l 


Ko. 


gm.^ 
SiOc 




per cert 

... - -y ^ 


residue 






nrea 


recovcr 


rocorer 




100 deg. 


1. 
2. 

3. 
4. 


.3765 
.4018 
.4006 
.4073 


.3736 
.3997 
.3971 
.4044 


* 99.22 

99.49 
99.13 
99.28 


.0004 

.0005-- 
.0017° 
.0005 


120 deg. 


1. 
2. 

3. 
4. 


.3903 
.4063 
.4106 
.4003 


.3873 
.4032 
.4142 
.3978 


99.22 
99.24 
99.42 
99.38 


,0006 
.0006 
.0005 
.0005 


200 deg. 


1. 
2. 
3. 

4. 


.3983 
.3973 
.3998 


.3951 
.3949 
.3975 
.3953 


99.19 

■ 99.40 

99.40 

99.08 


.0012 
.0010 
.0010 
. 0013 



!• Drying te:npcrature. 

2. olOg used in fui:ion, 

3* Tvesidue aiter treatment >7il;ii jiyurofliioric acid* 

4. Three evaporations v/ith concentrated MCI* 

5. Contained iron, probaljly dust from hood* 
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16^ 
A ooraraon explanation of the fact that silica always 
passes into the filtrate is the theory that a soluljle oil- 
ioate is re-forined hy the heat applied during the dehydra- 
tion process* If this is true an increase in the drying 
temperature should five a corresponding decrease in the 
amount of silica regained. The results in Tahle V show 
only a very slight tendency in this direction. By con- 
tinuing the results ottained at 100 degrees, 120 degrees 
and £00 degrees, re»^'pcctively, we get the following av- 
erage per cents: 

100 degrees 99.28 

120 (le^reer. 99. S2 

200 degrees 99.27 

Tjiese figures indicate that the ten:^erature of de- 
hydration Jias oi)ly a c.li;Tnt effect n^^oi: the silica de- 
teriaiiiation u:i«Vjr the conditions used here; hut if iron 
had heen present this high drying temperature - 200 de- 
grees - would have caused a certain volatization of the 
chlorides. ?]ven under these conditions the extremely 
high temperature reco^nmended "by Bertram Blont did not 
increase the per cent of silica recovered; hut on the 

1. Jour. Am. Chcm. »:oc. Vol. 21, 1902, p. 217. 
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contrary gave lower results than were obtained ty drying 
at even steam bath temperature* A stronger o"bjection 
to this high drying temperature Is shown "by a glance 
at the residiies obtained in Tahle V* This shows very 
plainly that the filtered silica was contaminated hy 
an impurity, for the residues obtained at 200 degrees 
are^ on the average, twice a» great as those found at 
120 degrees. 

These residues obtained in this series (Table Y) 
were dissolved in hydrochloric acid, and the first eleven 
combined and analyzed with the following results: 

3\m of 11 residues 0085 

Fe20s . . , . 0014 

CaO 0021 • . . as CaS04 0051 

Correction for 11 filter papers .0019 

TOTAL 0084 

Practically all of the .0014 gm. of iron oxide in 
the above table may have come from ITo. 3. of the 100 
degrees temperature series; sir.ce that reuifaie is 
• 0012 ra. larjrer than the others of the same series, 
and it was known to contain iron. The filter papers 
used give .00017 jm. ash each, and since this v/as left 
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18. 
in tlie residue, the correction v/as made as indicated* 
The results, therefore, tend to prove that under these 
conditions the residue is almost entirely calcium sul- 
fate • 

Discussion, 



After treating the silicate fusion as previously 
outlined the silica always leaves a residue v/hich can 
iDe quantitatively precipitated as calcium oxide. There 
can be no douht, therefore., that calciiim is an essential 
constituent of this residue. This does not agree with 
the statement made "by Eillehrand that "the residue is 
quantitatively precipitated hy ainmcnia in the presence 
of an am^Tionium salt". It does, hov/ever, arree vrith the 
work done "by Flynn , who v/orked with i:ilicate rocks and 
in all cases for.rd cnlciur: ir. ^hcre re:' '<'':-( i' . 

This fact that line always sticks with the silica 
so that it is heyond the power of hydrochloric acid and 
water to completely remove it, i^oints to the formation 
of a ciiemical compound. ICo ciiange in the residue was 
noticed, however, v/hen the proportion of lime to silica 



1. U. S. Geol., Survey, Bull. 422, pi 97. 

2. Thesis B. A., 1909, Vrisconsin. 
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18* 

was varied* Eut the fact that increasing the drying 
temperature of the hydrochloric acid solution of the 
fused mass did increase the amount of the rer.idue, tends 
to show that a silicate of calcium v;as formed. Reference 
to Tahle V v/ill L^itov^' that jieating to £00 dojyrees jiad the 
effect of clv^iiuling the ai-cur.t of the rebulue, This irCi- 
cj.tes Ih^ t a cc)':nj-aA of li le a^.u ;;'.lloa v/ne for aod, 
V\iQ c j/i.;0'i-.rT Ijf. la.T- ixr'sh\ c:eeo/l,^;^-:ed "by the cuhcequent 
treatment with hydrofluoric acid in volatilizing the 
silica. 

V/ith regard to the drying temperature to he used In 
a regular silicate analysis, even lEO degrees might 
cause some of the chlorides to volatilize. Tne usual 
dehydration tenpnratures of 105 dej-rces to 108 decrees 
v/ould he practically as effective as hig'her teniPcratio^es; 
since, juct^ir.g from the results ohtainedl there is little 
choice hetween steam hath temperature and 120 degrees* 
Practically the same amount of silica is lost in each 
case. 

The fact that tilica alvvays passes into the filtrate 
hrings up tlie quef^tion a:: to v/iietlier a factor night not 
he introuiiced to correct for this error. It is the 



1* Tahle V. 
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19 • 
practice of some chemists to attempt to recover this silica 
from tlie precipitated iron and alumina; hut that more or 
less escapes even this treatment is evident vi'hen the fact 
that pyrosulfate-^ itvself cllssolves a certain amount of sil- 
ica is considered. Ilillehrand'^ states that •0058 gm. 
to .0060 gm. of silica was dissolved in a pyrosulfate fus- 
ion. But he failed to give the quantities of silica and 
pyrosulfate used in making these fusions. The results 
ohtaiiied in this v;ork are lov/er prohahly "because less py- 
rosulfate v;aB used. Hillehrand^ also gives data to show 
that silica is dissolved hy hydrochloric acid. His re- 
sults show that from .0022 gm. to .0029 gm. passed into 
the filtrate r/hen silica was diTCL '.t-^Tv vlth hyclrociiloric 
acid, (S.G.l.l.). Our results agree very well v/ith this 
as may he seen from Tahle V. The greatest loss there 
shovm is .0056 gm. and the smallest .0021 gm. Since a 
certain ji/.ount of silica always passes into the filtrate; 
and since it is practically irapossihle to recover all of 
this by any subsequent treatment; it appears that it 
might he Letter to apply a solubility factor and thus get 
a closer approximation to the true amount of silica present 



1. Table IV. 

2. Jour. ;on. Then. Coo. Vol. 24, 1, p. 362. 
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20* 
than could "be obtained by any other means • Consider 
Table V for example; if for each ^4000 gm. silica 
♦0028 gm. is added to each of the weights of silica re- 
gained, no result will vary from 100% by more than .22;^; 
and the average of any of the eerie s of four results taken 
at the different temperatures will in no case vary more 
than •OS/!i from the 100/J value. This Is clearly as near 
the true result as anyone could get by adding the fraction 
of silica which might be regained later with the iron and 
alumina In t'le cc-.irse of an analysis • the effect of 
ai'plying this factor is thovrn by recalculEting Table V. 
When .0028 gm. is added to the silica actually recovered 
the results appear as rriven in Table VI. 
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Table YI. 








L'o. 


Gra. 

iSiOc 

need 


Gu. 
Si02 
recov- 
ered 


Per cent 

experi- 
iiient 


Per oent 
corrected 


100 deg. 


1. 


.3765 


.3764 


-99.22 


99.92 




£. 


.4018 


.4025 


99.49 


100.19 




S. 


.4006 


.3999 


99.13 


99.83 




4. 


.4073 


.4072 


99.28 


99.98 



120 deg. 



200 deg, 



1. 


.3903 


.3891 


99.22 


99.92 


2. 


.4063 


.4060 


99.24 


99.94 


3. 


.4166 


.4170 


99.42 


100.12 


4. 


.4003 


.4006 


99.38 


100.08 


1. 


.3983 


.3979 


99.19 


99.89 


2. 


.3973 


.3977 


99.40 


100.10 


3. 


.3998 


.4003 


99.40 


100.10 


4. 


.3989 


.3981 


99.08 


99.78 
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General Conclusions^ 

1. Calcium is a usual conctit^ieir!; of tlie residue 
and can te recovered later "by arnmonium oxalate precipi- 
tation. 

Z. The proportion of the lime used in the fusion 
does not affect the aiiount of the residue. 

i5* The method of three evaporations v/ith hydro- 
chloric acid (c5*G*1.2.) appears to ^ive as food results 
as can be obtained hy two filtrations, and with a large 
saving of time. 

4. The temperature used in drying should not exceed. 
120 degrees. Higher temperatures are dangerous as they 
increase the residue and may re-form i^oliiLle silicates. 

5. Silica is dissolved hy the hydrochloric acid 
extraction. Hot all of this dissolved silica can "be 
recovered later. 



Digitized by 



Google 



Digitized by 



Google 



iiPPHOVSD ^;/ / 




Digitized by 



Google 



Digitized by 



Google 



Digitized by 



Google 



Digitized by 



Google 



Digitized by 



Google 



Digitized by 



Google 



Digitized by 



Google 



Digitized by 



Google 



Digitized by 



Google 



Digitized by 



Google 



Digitized by 



Google 



Digitized by 



Google 



Digitized by 



Google 



Digitized by 



Google 



Digitized by 



Google 



Digitized by 



Google 



Digitized by 



Google 



:-•:?*«;' 



Digitized by 



Google 



Digitized by 



Google 



Digitized by 



Google 



Digitized by 



Google 



Digitized by 



Google 



Digitized by 



Google 



Digitized by 



Google 



Digitized by 



Google 



Digitized by 



Google 



Digitized by 



Google 



Digitized by 



Google 



Digitized by 



Google 



Digitized by 



Google 



Digitized by 



Google 



Digitized by 



Google 



Digitized by 



Google 



Digitized by 



Google 



Digitized by 



Google 



aioaiooTn? 




B89089009997A 



Digitized by 



Google 




^^S?^!S 



Digitized by 



Google 



flTDflTQD^nT? 




b89089009997a 



^J^^SfSBf 




;i-'-?'.t^i- 




